The present study aimed to verify the influence of the catalyst (sodium methoxide and the lipase from Rhizopus oryzae immobilized on a hybrid support -silica-polyvinyl alcohol) on the physical and aroma attributes of the products obtained from the interesterification of milk fat with vegetable oils (soybean and canola). The evaluation was carried out using an electronic nose (e-nose) and a texture analyzer. Interesterification reactions were carried out with binary blends (65% of milk fat and 35% of vegetable oil) using 0.75% sodium methoxide (60 °C for 60 min) and immobilized Rhizopus oryzae lipase at a fixed proportion of 500 units of activity per gram of blend (45 °C for 6 h). The results showed that the e-nose sensors discriminated satisfactorily the aromas of both raw materials and products and were able to distinguish them according to the catalyst used. In relation to the texture, both catalysts generated products with appropriate consistencies with satisfactory plasticity and spreadability at refrigerator temperatures.
Introduction
Milk fat is the third largest source of lipids for human nutrition, showing flavour and aroma superior to any other edible fat (REDDY, 2010) . It consists of a blend of more than 100,000 different types of triglycerides containing about 400 different fatty acids with large amounts of both long-chain (16 to 18 carbon atoms) and short-chain (4 to 10 carbon atoms) acids (KONTKANEN et al., 2011) . Such a varied composition, probably the most complex one amongst fatty foods, is responsible for the flavour and unique physical properties, giving the milk fat superior quality in the various food sensory impressions. Despite possessing desirable characteristics and being widely appreciated by consumers, milk fat shows some drawbacks concerning health, such as those related to saturated fats (KONTKANEN et al., 2011) . Of the constituent fatty acids, there is also a large percentage of hypercholesterolemic (medium-chain saturated) fatty acids located predominantly in position sn-2 of the triacylglycerol (LUBARY et al., 2011) . Excessive consumption of this type of fat has been associated with cardiovascular diseases (IMRAN; NADEEM, 2015) . The physical and sensory characteristics of milk fat also play a significant role in its market and public acceptance. Milk fat, for instance, has low spreadability at domestic refrigeration temperatures (RODRIGUES-RACT et al., 2010) , which has frequently been reported by consumers as a drawback when compared to margarine and vegetable oil spreads. In this sense, replacing butter by margarines or vegetable creams has led the industry to seek processes to modify milk fat, aiming to increase the alternatives for use of this raw material (KAUFMANN et al., 2012; KONTKANEN et al., 2011) .
The transformation of milk fat via chemical or enzymatic processes is often considered as a promising modification in order to attend market needs. Interesterification is one of these processes, and consists of the exchange of acyl groups from one fatty ester to another. The interesterification of milk fat has been reported to yield significant changes in the physical properties, including the spreadability, due to the redistribution of the fatty acids bonded to the triacylglycerol chains (RØNNE et al., 2005) . Using the chemical transformation route, metallic sodium or a sodium salt of chloromethyl methyl ether are often used as catalysts, leading to the random redistribution of fatty acids on the triacylglycerol chains. Moreover, the operational conditions adopted (high temperature and pressure) provide additional steps of bleaching and deodorization of the final product. These steps may have harmful nutritional effects, besides extinguishing the butter flavour, highly appreciated by consumers (KONTKANEN et al., 2011; PAULA et al., 2016) . On the other hand, the enzymatic pathway employs lipases (glycerol ester hydrolase EC 3.1.1.3) as biocatalysts, which provide little to no undesirable side reactions (ANDUALEMA; GESSESSE, 2012). Lipase-catalysed interesterification yields a pathway in which the fatty acids can be redistributed to characteristic positions when specific 1,3-lipases are used (KONTKANEN et al., 2011; O'BRIEN, 2009 ). 1,3-lipases act under mild reactive conditions of pH, temperature and pressure, leading to reduced energy costs. Furthermore enzymes possess high specificity and represent a versatile tool for preparing a wide variety of TAGs (triacylglycerols) by minimizing by-product formation (O'BRIEN, 2009; SILVA et al., 2009 ).
Different vegetable oils have been described as suitable for interesterification with milk fat, such as canola and soybean oils. The selection procedure adopted in the literature is dependent on the oil characteristics, which can then lead to the desirable physical, nutritional and sensory properties being conferred on the final interesterified product. The modified product thus becomes a function of the fatty acid composition (KONTKANEN et al., 2011) . Soybean and canola are commonly reported due to their fatty acid profiles, which are composed of significant quantities of essential fatty acids, as well as linoleic and linolenic acids and unsaturated fats. This desired composition has been associated with a decrease in cholesterol levels and the risk of heart coronary diseases, as well as a decrease in the probability of tumour development (KONTKANEN et al., 2011) .
In addition, changes in the triacylglycerols may lead to changes in their physical properties and to differences in the aroma and flavour intensities of a given product. One of the traditional and widely accepted methods of evaluating the acceptability of a modified food product is by using human panels. Palate experiences and voluntary grading of one's experience and impressions about a product represent the procedure used for panel-based sensory analyses, which are further quantified via a questionnaire. Despite the wide acceptance of such an approach, a common reported drawback is the prolonged timeline for a given study due to, amongst other reasons, the mandatory adoption of often-bureaucratic committee rules of the research institution. As an alternative to the human-based approach, the authors present the application of an electronic nose (e-nose) in this article. An e-nose is a piece of equipment that mimics the human olfactory system and is able to efficiently differentiate odours with small differences one from the other (GIORDANI et al., 2008) . Unlike other analytical instruments (e.g. gas chromatography, chemical sensors, biosensors, mass spectrometers), this device allows for the identification of blends of organic specimens as a whole, without having to identify the individual chemical species. A typical e-nose consists of different sensors, which choose to respond to a wide range of chemical classes and further discriminate various blends of possible analytes (RÖCK et al., 2008) . There are numerous applications of e-noses ranging from environmental monitoring to medical applications. Since Braz. J. Food Technol., Campinas, v. 21, e2018036, 2018 Effect of the catalyst on the physical and aroma attributes of interesterified milk fat-vegetable oil blends Rocha, M. R. et al. specific surface area (461 m 2 g -1 ), specific pore volume (0.275 cm 3 g -1 ), and average pore diameter of 22.9 Å. The support was subsequently activated by epichlorohydrin and the epoxy matrix (epoxy-SiO 2 -PVA) was used to immobilize the R. oryzae lipase by employing 250 mg of lipase in its free form per gram of the activated support (dry matter) and 100 µL of an aqueous solution containing 5 mg mL -1 of PEG-1500. The resulting immobilized derivative showed enzymatic activity of 3465 U g -1 as determined using the olive oil hydrolysis method (PAULA et al., 2016) , and low water contents (< 8%).
Procedure for the interesterification reactions
The enzymatic interesterification reactions were carried out in jacketed cylindrical reactors operating in the batch mode, loaded with 70 g of the medium containing 65% of milk fat and 35% soybean or canola oils. The reaction mixtures were incubated with the immobilized lipase in the fixed proportion of 500 activity units per gram of the medium (500 U g -1 ). The reactions were allowed to proceed for 6 h under magnetic stirring, in a dark, inert atmosphere (N 2 ) at 45 °C. The chemical interesterification reactions were prepared using 320 g of milk fat and vegetable oil blends (65/35%, wt.) The blends were dried on a rotary evaporator for 30 min at 90 °C and 0.75% of the sodium methoxide catalyst was subsequently added. The chemical interesterification reactions were allowed to proceed under reduced pressure at 60 °C for 60 min, with stirring. At the end of the reaction, 3 mL of distilled water were added to inactivate the catalyst. Sodium sulphate was then added to eliminate excess water. The resulting blend was hot-filtered for removal of the soaps and dark compounds formed.
Analytical methods
The moisture content of the milk fat and vegetable oils was determined by Karl Fisher titration according to the official method Ca 2e-84 of the American Oil Chemist's Society (FIRESTONE, 2004) . The acidity indexes, and the saponification, iodine and peroxide values of the raw materials were determined according to the standard methods recommended by the American Oil Chemist's Society (FIRESTONE, 2004) , showing values within the limits established by Brazilian legislation (BRASIL, 2006) (Table 1) .
Consistency
The consistency of the samples was determined using a texturometer (QTS 25 Texture Analyzer), controlled by the Texture Pro software. The samples were heated in a microwave oven (45 ºC to 50 °C) for full fusion of the crystals and then packed into cubic silicone moulds (25-mm edge). The conditioning proceeded for 48 h at a 1993, more than 12,000 articles have been published in the area of electronic olfaction. The main application areas related to the food industry are found in the fish, meat, milk, wine, coffee and tea industries, and constitute approximately 5000 publications since 1993. This demonstrates that food applications are central to electronic olfaction and nearly half of the publications are in this area. Within each application in the food industry, research contributions have focused on the detection of a variety of aspects such as freshness, adulteration, off-flavours and bacterial detection (LOUTFI et al., 2015) . Thus the experiments presented in this article analysed the physical and aroma attributes of interesterified products formed by both the chemical and enzymatic routes from binary blends of milk fat and vegetable oils (soybean and canola), aiming to identify the influence of the type of catalyst on the aroma (electronic nose) and texture of the interesterified samples.
Material and methods

Materials
The experiments were performed using a microbial lipase from Rhizopus oryzae (lipase L036P, Biocatalysts, Cardiff, England), classified as 1,3-specific lipase and immobilized on a hybrid support of polysiloxane-polyvinyl alcohol (SiO 2 -PVA) prepared using the sol-gel technique according to the methodology described by Paula et al. (2016) , employing tetraethyl orthosilicate (TEOS) (Sigma-Aldrich Chemical, St. Louis, USA) as a the precursor. The R. oryzae lipase was pre-selected as a result of previous research developed to catalyse interesterification reactions (PAULA et al., 2016) . Powdered sodium methoxide was used as the chemical catalyst (Merck, Germany).
Milk fat was obtained from a commercial butter (Qualita  , unsalted), with controlled heating at 50 °C in a microwave oven. The melted product was then submitted to centrifugation and separation of the aqueous phase. Soybean oil (Qualita Solvents (heptane, hexane, acetone and ethanol) were obtained from Cromoline (São Paulo, Brazil). The other materials and reagents were acquired commercially, all of an analytical grade.
Lipase immobilization
The hybrid support (SiO 2 -PVA) was synthesized by the sol-gel technique using TEOS as a precursor according to the methodology described by Paula et al. (2016) . It provided a matrix with the following texture characteristics:
Braz. J. Food Technol., Campinas, v. 21, e2018036, 2018 Effect of the catalyst on the physical and aroma attributes of interesterified milk fat-vegetable oil blends Rocha, M. R. et al. was used to establish the analytical conditions and the data analysed using the Principal Component Analysis (PCA), which is a multivariate technique used to emphasize the variation and capture robust patterns in the data set. This technique uses orthogonal transformation predictive and exploratory data analysis. The orthogonal transformation then converts the set of observations of possibly correlated variables into a set of values of non-correlated linear variables called principal components. Thus the method uses sets of variables with different dimensions and by way of linear transformations, decreases the amount of variables, preserving the variance between them, so that quantities are converted into dimensionless vectors.
In the present work, the PCA data resulted in the visualization of three dimensions of the information produced by the 32-sensor array used in the equipment (ABDI; WILLIAMS, 2010). As PCA information preserves the original sensor information in a 3-dimensional graph, nearby spatial regions denote similar odours.
Results and discussion
Analysis of raw materials and binary blends
Initially, the raw materials (milk fat, soybean oil, and canola oil) and the binary blends were analysed for their consistencies, and Table 2 shows the values obtained together with the assessment of the degree of spreadability according to the criteria established by Haighton (1959) . It was observed that the milk fat exhibited a mean consistency value of 2785 gf cm -2 , equivalent to an assessment of "very hard". The consistency of the commercial butter was 2002 gf cm -2 , also characterized as "very hard".
It was also noted that the addition of vegetable oil to milk fat in the proportion of 35% reduced the consistency of the blend by 58% (milk fat and soybean oil) and 55% (milk fat and canola oil), improving their degree of spreadability, yet maintaining the classification as "very hard".
Regarding the olfactory profiles shown in Figure 1 , it was found that the vegetable oils presenting similar aromas, which are concentrated on the left side of the figure controlled temperature (10 °C), suitable for fat recrystallization. A TA15 probe corresponding to an acrylic cone with the tip in its non-truncated form at a 45° angle was used.
The tests were carried out under the following conditions: distance from the return to the beginning: 10 mm; speed: 120 mm/min; time: 5 s; determination of the compression force (gf) in duplicate. The samples were analysed for the "yield value" calculated according to Equation 1 and the results correlated with the criterion established by Haighton (1959) :
where: C = consistency ("yield value"; gf cm -2 ); K = a factor whose value depends on the cone angle (for 45º, 4700); W = maximal compression force (gf) after the time of 5 s; p = penetration depth (0.1 mm).
In the specific case of this trial, a consistency range between 200-800 gf cm -2 was adopted as the referential parameter (satisfactory plasticity and spreadability).
E-nose
Data collection was carried out by a model Cyranose 320TM E-nose of the Smiths Detection brand, manufactured by CyranoSciences Inc, USA), based on suction of the headspace sample and recording the results produced by the sensors. The sensors were composites of conductive polymers and carbon nanoparticles that, when exposed to the specimen vapours, could absorb part of these, affecting their dimensional alterations and, consequently, their electrical resistance, which was then measured and recorded for further statistical analysis (WILSON; BAIETTO, 2009).
For the characterization of the components studied, a 180 cm 3 min -1 flow was used for air suction and one of 50 cm 3 min -1 for the headspace, with times of 10 s and 60 s, respectively. Five mL aliquots of each oil and milk fat sample were packed into ten containers for testing. Binary blends of milk fat (65%) and vegetable oil (35%) were also analysed under the same conditions. The PCnose software 
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Assessment of the consistency of the interesterified products
The interesterified products obtained by the chemical and enzymatic routes were evaluated in terms of consistency (Table 3) and then compared with those of commercial margarines. Regardless of the oil utilized, both routes provided interesterified products with appropriate consistency values that allowed for their classification according to the Haighton criteria, as having "satisfactory plasticity and spreadability". The reduction in the consistency of the interesterified products in relation to that of the binary blends, was higher by the chemical route (average reduction of 52.5%) than by the enzymatic route (average reduction of 45%), probably due to the different reactional conditions employed (e.g. difference in temperature). In comparison with the commercially available margarines, the interesterified products obtained by the chemical route showed consistencies closer to that of Doriana  margarine (DMAG), whereas the products obtained by the enzymatic route showed consistencies closer to that of Qualy  margarine (QMAG).
Aroma assessment of the interesterified products
The olfactory profiles of the principal components before and after the chemical and enzymatic interesterification reactions of the binary blends can be (soybean oil, in blue, and canola oil, in orange). In contrast, the isolated milk fat aroma (red) was concentrated on the right side of the figure, showing a distinct aroma as compared to that of the other raw materials. In the blends, the aroma of the milk fat prevailed, since it was present in greater amounts, and hence the concentration of the data points was closer to those of this raw material. Effect of the catalyst on the physical and aroma attributes of interesterified milk fat-vegetable oil blends Rocha, M. R. et al. left corner of the figure, while the product interesterified by the enzymatic route appears in the right corner of the figure, in green. Milk fat, soybean oil and the blend of milk fat with soybean oil appear in black, red, and orange, respectively, in the centre of the figure. The same behaviour was observed for the interesterified products of the binary blend of milk fat and canola oil (Figure 3) , i.e. the interesterified product obtained from the chemical route appears in blue in the left corner of the figure, while the product interesterified by the enzymatic route appears in green in the right corner of the figure. Thus, each interesterification route shows a singular aroma that differs from those of the raw materials and of the blends as such. Nevertheless, in both cases, regardless of the vegetable oil used, the olfactory profiles of the interesterified products were recorded on the opposite sides of the figure: the chemical route on the left hand side and the enzymatic route on the right hand side.
By matching the products generated in the interesterification reactions of the two binary blends, it can be clearly seen that both routes significantly changed the consistency values and the aromas of the binary blends. Regarding the consistency values of the interesterified products, significant differences between the performances of the catalysts were not verified, i.e. both promoted a reduction in consistency of the final products, allowing them to fit into the desired qualifying range (200 to 800 gf cm -2 ) according to the Haighton criteria. However, the aromas of the products were strongly influenced by the type of catalyst used. This fact may be better explained via the mechanisms of action using the chemical and enzymatic catalysts (Figure 4) . Whereas using the chemical route the fatty acids were randomly redistributed (Figure 4a ), using the enzymatic route with a 1,3-specific lipase such as that used in the present study (Figure 4b ), the fatty acids were redistributed in characteristic positions (1,3 of the triacylglycerol).
The results obtained, when compared with the data described in the literature, indicate similar behavior, particularly with respect to the results published by Rousseau and Marangoni (1998) . In this study, the comparison of the physical and olfactory properties of the interesterified products obtained by the chemical and enzymatic routes from canola oil and milk fat blends revealed more intense changes in the attributes when using the enzymatic route than in those of the products obtained by chemical interesterification. Using a human panel as the quality indicator, the results pointed to an aroma loss in the products obtained by chemical interesterification due to the catalyst used, further amplified by additional steps such as washing and purification of the final product. On the other hand, the interesterified products obtained by the enzymatic route showed aromas resulting from an increase in short-chain fatty acids as well as from the fact seen in the Supplementary Material (milk fat with soybean oil, Figures. S1-S2 and milk fat with canola oil, Figures.  S3-S4 ). The observation of these profiles suggests that the aroma of the interesterified products changed when compared with the profiles of the principal components.
Figures 2 and 3 compare the olfactory profiles of the interesterified products obtained by the chemical and enzymatic routes of the binary blends: milk fat with soybean oil and milk fat with canola oil, respectively. In both figures, it can be seen that each interesterified product exhibited a singular aroma that differed from those of the raw materials and blends as such.
In the case of the interesterification of the binary blend of milk fat with soybean oil (Figure 2 ), the product interesterified by the chemical route is shown in blue in the Effect of the catalyst on the physical and aroma attributes of interesterified milk fat-vegetable oil blends Rocha, M. R. et al. that no subsequent purification treatments were needed. Thus the results described in the present work compared favourably with those described in the literature, where the use of the electronic nose was capable of very efficiently differentiating odours with small differences between them, being able to identify the influence of the type of catalyst in the aroma (e-nose) of the interesterified samples. The skill of the e-nose allows for a great expansion in the application of this tool in food quality research. Effect of the catalyst on the physical and aroma attributes of interesterified milk fat-vegetable oil blends Rocha, M. R. et al. many different food products, reducing the costs involved in quality assessment and simultaneously increasing the characterization profile.
blend (milk fat with soybean oil and milk fat with canola oil), explained by the non-specificity of the reaction, which redistributes the triacylglycerols at random. On the other hand, the enzymatic route generated interesterified products with similar aromas regardless of the oil utilized and the commercial products Taubate  butter, QMAG and DMAG provided results having similar aromas. It can also be seen that the aromas of the interesterified products produced by the chemical route were the closest to the dots corresponding to the aromas of the commercial margarines, once again confirming the sensitivity of the electronic nose and taking into account that commercial margarines are obtained by hydrogenation of vegetable oils by chemical catalysis. Wang et al. (2010) studied the application of e-nose to identify different milk aromas and compared the results with those obtained by a sensory panel of trained evaluators. The results indicated that e-nose sensors could clearly and rapidly distinguish the natural milk aromas from the synthetic ones in milks, as well as that of the milk containing the induced enzyme. However, the trained human panel was unable to discriminate the natural milk aromas. The present work corroborated this conclusion, since it was possible to distinguish the type of interesterification process used via e-nose. However, since a sensory human panel has not yet been tested for this assessment, it is not possible to assert whether this type of panel will be able to make such a distinction.
Conclusion
The interesterification of milk fat is a promising alternative to overcome common drawbacks related to its use, such as limited spreadability at refrigeration temperatures. In this work, the properties of the interesterified products obtained by chemical and enzymatic routes from binary blends of milk fat and vegetable oils (soybean and canola) were assessed, aiming to identify the influence of the type of catalyst, whether chemical or enzymatic, on the aroma and texture of the interesterified products. Independent of the nature of the catalyst, the interesterified products showed similar physical attributes, although with different olfactory profiles. This fact can be attributed to the specificity of the enzymatic catalyst, which, by definition, reacts specifically with the 1,3 carbon bond of the triglycerides, while using the chemical catalyst the breakdown of the triglycerides is at random, resulting in fingerprints at opposite positions on the chart, suggesting that distinct aromas were formed through chemical and biochemical interesterification reactions. Thus it should be said that the catalyst has an important influence on the aromas of the products obtained by interesterification reactions. In addition, the application of e-nose has been shown to be a feasible tool to replace human panellists in food sensory studies. Further research could be done on
